Pompe disease (PD), also known as "glycogen storage disease type II (OMIM # 232300)" is a rare autosomal recessive disorder characterized by progressive glycogen accumulation in cellular lysosomes. It ultimately leads to cellular damage. Infantile-onset Pompe disease (IOPD) is the most severe type of this disease and is characterized by severe hypertrophic cardiomyopathy and generalized hypotonia. Mutations in the acid alpha-glucosidase (GAA) gene, located at locus 17q25.3, are responsible for the disease leading to reduced activity of the acid alpha-glucosidase enzyme. To date, approximately 400 pathogenic mutations have been reported in the GAA gene. The aim of this study is to report a novel nonsense mutation in exon 4 of the GAA gene in an Iranian child suffering from IOPD. The patient was a female neonate with hypertrophic cardiomyopathy and a positive family history of IOPD. After definite diagnosis, enzyme-replacement therapy (ERT) was started for the patient, who was 2 months old. Now at the age of 20 months, she has had good growth and development and her echocardiographic parameters are within the normal range. This report shows that IOPD patients with this mutation can be treated with ERT successfully.
Introduction
Originally described in 1932, Pompe disease (PD), also known as "glycogen storage disease type II (OMIM #232300)", is a rare autosomal recessive disorder characterized by progressive glycogen accumulation in cellular lysosomes ultimately leading to cellular damage. Mutations in the acid alpha-glucosidase (GAA) gene, located at locus 17q25.3, are responsible for the disease leading to reduced activity of the acid alpha-glucosidase enzyme. 1 Generally, the lesser the enzyme activity, the greater the disease severity with an earlier age of onset. 2 Infantile-onset Pompe disease (IOPD) is the most severe type of this disease. The main clinical manifestations of IOPD include cardiomegaly, severe hypertrophic cardiomyopathy, profound hypotonia, and generalized muscle weakness. 2 Recently, enzyme-replacement therapy (ERT) has improved the outcome of these patients by helping not only to reverse
Case Report

What's Known
• Infantile-onset Pompe disease is a rare genetic disorder that is lifethreatening.
Enzyme-replacement therapy (ERT) can be lifesaving in some of these patients.
What's New
• We have discovered a new homozygous mutation in exon 4 of the acid alpha-glucosidase gene.
• The patient had a good response to ERT. Thus, patients with this mutation may respond to ERT. cardiomyopathy but also to achieve normal motor milestones. 3 Thus far, approximately 400 pathogenic mutations have been reported in the GAA gene, 4 of which the c.-32-13T>G mutation is the most common among Caucasians. 5 We report a novel nonsense mutation in exon 4 of the GAA gene in an Iranian child suffering from PD and her good response to ERT.
Case Presentation
The patient was referred with the chief complaint of hypertrophic cardiomyopathy, which was detected on echocardiography.
She was an Iranian female neonate, whose brother was a known case of IOPD. Her brother expired at the age of 5 months because at that time ERT had not been started in Iran. Given this positive family history, echocardiography was performed for the patient at 1 month of age while she was asymptomatic. The echocardiography showed hypertrophic cardiomyopathy. The results of echocardiography at that age were ejection fraction of 69%, interventricular septum diameter in systole of 8 mm (normal value=3.5-5 mm), interventricular septum diameter in diastole of 7 mm (normal value=3.5-5 mm), and posterior wall diameter of 9 mm in systole and 7 mm in diastole (normal value=3.5-5 mm).
In physical examination, muscular tone was normal, the tongue was not enlarged, and the facial picture was normal. Heart examination was normal, and she did not have organomegaly.
The diagnosis was confirmed through enzyme assay on a dried blood specimen, which revealed decreased alpha-glucosidase activity. A definite diagnosis was made through molecular analysis. The GAA gene was analyzed by polymerase chain reaction (PCR) and sequencing of both the DNA strands of the entire coding region and the highly conserved exonintron splice junctions. In addition, a specific PCR to screen for the common deletion of exon 18 was also performed. The reference sequence of the GAA gene is NM_000152.3. The results of the molecular analysis are demonstrated in table 1. The electropherogram of the sequence (coding positions) and the discovered mutation are depicted in figure 1 .
As is seen in table 1, we found an undescribed homozygous mutation in exon 4 of the GAA gene (c.730C>T p.Q244*), creating a premature stop codon and leading to a truncated protein or loss of protein production. This mutation is compatible with the result of the enzyme assay, which showed decreased activity of the alphaglucosidase enzyme.
As soon as the diagnosis was confirmed, Myozyme® (alglucosidase alfa, Sanofi Genzyme, USA) was initiated for the patient (20 mg/kg, every 2 wk). At 20 months of age, after about 18 months of ERT (without any side effects), echocardiography was repeated and demonstrated ejection fraction of 75%, interventricular septum diameter in systole of 7 mm (normal value=5-7 mm), interventricular septum diameter in diastole of 6.5 (normal value=4.5-6.5 mm), and posterior wall diameter of 7 mm (normal value=4.5-7 mm).
Since the initiation of ERT, the patient's condition has significantly improved and currently, at 20 months of age, her weight is 11 kg (50th percentile) and her height is 80 cm (25-50th percentile). She has also reached her age-specific normal motor and cognitive milestones.
To the best of our knowledge, this mutation is a novel, previously undetected, pathogenic nonsense mutation, associated with severe, classical IOPD with a good response to ERT (Database: www.pompecenter.nl).
Written consent was taken from the parents for the presentation of this case.
Discussion
We identified a novel disease-causing nonsense mutation in exon 4 of the GAA gene. This mutation led to a premature stop codon, which very likely resulted in a truncated protein or loss of protein production. Consequently, as was expected, the disease outcome was very severe and had an early infantile onset. This finding supports the previous view that IOPD is a result of truncating mutations. 1 Currently as many as 400 pathogenic mutations have been detected. 4 Most mutations are unique to each patient; nevertheless, some of them are more prevalent in certain populations. For example among Caucasians, the c.-32-13T>G mutation is the most common.
1 This mutation has never been reported in Asians and, thus, indicates an ethnic-specific mutation. 6 The c.1935C>A mutation (p.Asp645Glu) is seen in up to 80% of infantile cases in Taiwan and China, proposing a possible founder effect. 7 Another possible founder effect is observed in individuals of African descent with the mutation c.2560C>T (p.Arg854*), seen in up to 60% of cases. 8 In Dutch individuals, the c.2481+102_2646+31del (exon 18 deletion) and p.T525del mutations are frequently found. 9 In 2013, Esmer et al. 1 reported 2 unrelated Mexican cases of IOPD with the same novel homozygous frameshift mutation "c.1987delC". They were both related to a small region from Central Mexico, thus suggesting a possible founder effect.
As was mentioned, apart from these population-specific mutations, the vast majority of mutations are unique to each individual. 1 In a previously published case report in 2013, a 10-month-old Iranian boy affected with PD was introduced by Galehdari et al., 5 whose molecular analysis revealed a new homozygous mutation in the GAA gene, as of a single adenine insertion at codon 693 of exon 15. This is an insertion which will cause an anticipated premature stop codon at codon 736. Our report seems to be the 2nd molecular report from Iran.
Our case has responded well to ERT so far; therefore, if another patient with this mutation is found, we can be hopeful that the patient will most probably respond to ERT.
Several articles have been published on response to ERT among IOPD patients. A review article performed by Chien YH et al. 10 showed that ERT was overall beneficial. The authors reported that ERT was able to cause a gradual decrease in heart size 3 months after treatment commencement. Additionally, mortality in their report was also decreased up to 99%. However, response to treatment was variable among the patients, with the treatment being more effective if started early, before the destruction of the muscle architecture.
Another study on patients with advanced disease, who needed ventilator support with markedly delayed motor development and abnormal left ventricular mass indices, showed that ERT even on these patients was effective insofar as their cardiac function and motor function gradually improved, although only one of these patients was able to walk by the end of that study.
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As much as the early initiation of treatment is a good prognostic factor for ERT among patients with IOPD, some other factors, including the genetic type and the titer of anti-rh GAA antibodies, are also very important. Some studies have indicated that the baseline clinical status of patients is a more reliable index of potential response to ERT than age alone. 11 Consequently, the good response of our patient to ERT can be due to the early start of treatment or the genetic type or both.
We treated our patient with a dose of 20 mg/kg every other week. There are some controversies surrounding the dose of the drug. The standard dose is 20 mg/kg every other week, but many centers treat their patients with higher doses such as 40 mg/kg every other week or 20 mg/kg every week. 10 Although higher doses may confer a better response in some patients, they can be associated with a higher risk of anaphylactic reactions, infusion-associated reactions, and antibody production.
Due to inadequate facilities, we did not determine cross-reactive immunologic material (CRIM) status and nor did we check the anti-rh GAA antibody titer.
The height and weight of our patient were within the normal range, but failure to thrive is a typical finding in untreated patients with IOPD. Accordingly, the good growth of our patient is also another indicator of good response to ERT.
Cognitive development in our patient has been normal up to now. There are few data on cognitive development among untreated IOPD patients because of early mortality in these patients.
In addition to extending our information about disease-causing mutations in PD, the result of this report could be drawn upon for the molecular screening of PD, a disease in which timing is gold given the irreversible nature of its complications.
However, a comprehensive screening requires that further investigations be undertaken in other GSD II patients in order to find mutation diversity and frequency in the region, especially in Iran.
Conclusion
A female patient with a new homozygous mutation in exon 4 of the GAA gene (c.730C>T p.Q244*) was herein introduced. She had a good response to ERT. As a result, future possible patients with this mutation may be managed with ERT successfully.
